Obstructive acute renal failure is both a medical and a surgical emergency. The first treatment modality is urological by relief of obstruction. Post-obstructive diuresis is an abnormal condition of prolonged polyuria, involving both excessive solute and water loss, after acute drainage of obstructed urinary tract system. Physiopathology mechanisms are multiples. In most patients, diuresis will resolve once the kidneys normalize the volume and solute status and homeostasis is achieved. Post-obstructive diuresis can occur in up to 50% of patients with substantial urinary tract obstruction and can be life-threatening if it becomes pathologic. It can be detected by hourly monitoring of diuresis. Medical treatment of post-obstructive diuresis consists of oral or intravenous fluids adjusted to the findings of clinical examination, diuresis (volume and electrolytes) and close monitoring of patient. Fluid compensation should be tapered off over several days. Patients at high risk of post-obstructive diuresis should be identified and appropriately monitored.
Introduction
Post-obstructive diuresis (POD) is defined as the condition of prolonged urine production of at least 200 ml for at least two consecutive hours immediately following the relief of urinary retention or similar obstructive uropathy. It may also be defined as more than 3000 ml over 24 hours [1] [2] . It's potentially life-threatening polyuria that can develop after the release of the obstruction in various ways, such as insertion of Foley catheter for obstructed bladder, percutaneous nephrostomy (PCN), double-J stent in patients who have bilateral ureteric obstruction or unilateral ureteric obstruction in a solitary functioning kidney [3] [4] [5] .
POD is not typically an issue unless the residual urine is 1500 cc or more. If the POD condition becomes pathologic, it can cause serious consequences such as dehydration, electrolyte abnormalities, hypovolemic shock, and even result to death.
Sources of Information
Data was collected from articles in MedLine and PubMed and we attempt to provide through review of literature a basic, simplified guide toward understanding issues related to the pathophysiology, diagnosis, and treatment of POD.
English was employed and the key words were "post-obstructive dieresis", "acute renal failure", "pathogenesis" and "management of post-obstructive dieresis".
Research and analysis of articles was conducted between October 2017 and may
2018.
From the articles, data relating to pathophysiology, epidemiology, risk factors, diagnosis, and management were considered for inclusion.
Physiopathology
Diuresis is a normal physiologic response to help eliminate excess volume and solutes accumulated during the prolonged obstruction. In most patients, diuresis will resolve once the kidneys normalize the volume and solute status and homeostasis is achieved. Some patients will continue to eliminate solute and water even after homeostasis has been reached, referred to as pathologic POD. These patients are at risk of severe dehydration, electrolyte imbalances, hypovolemic shock, and even death if fluid and electrolyte replacement is not initiated.
Post-obstructive diuresis physiopathology is complex to understand because this affection is based on different physiological, biochemical, hormonal and immunological mechanisms evolving in time.
Three main factors are implicated [6] [7] (Table 1) .
Tubulopathy:
It is characterized by an impairment of dilution and concentration capacity and a decrease in sodium reabsorption [7] [8] . Leakage of potassium, magnesium and phosphorus is possible in cases of prolonged obstacle [9] .
Alteration of urine acidification capacity is also possible [7] [10] . Decrease in secretion of H+ ions has been observed in animals in ureteral obstruction of over 24 hours [11] .
Experimentally, an obstructed kidney becomes less receptive to the action of ADH (antidiuretic hormone) [7] [12], although production of this hormone is stimulated by the increase in osmotic load (hypernatremia) [13] . This is a state of fluid overload that depends on fluid intake and completeness or not of the obstacle. There are also increased levels of nitrogen catabolites:
hyperuremia, hypercreatininaemia, as well as hyperkalemia and metabolic acidosis. Hyponatremia is linked to fluid intake (dilution).
Biochemical and immunological mechanisms:
The action of atrial natriuretic factor has been demonstrated in humans, especially in cases of complete obstacle [10] .
Prostaglandins [7] [8], prostacyclins, thromboxane A2, endothelins have been described as playing a role in this pathophysiology.
Immunological mechanisms are also in play [7] , as long as there is a macrophage infiltrate of an obstructed kidney and elevation of PAF (platelet activation factor) and cytokines [13] .
The risk of dehydration is significantly increased in case of incomplete obstacle with renal insufficiency of conserved diuresis because fluid overload is low or even zero.
The polyuric phase lasts approximately 48 hours after release of the obstacle.
During this period, intense and brutal polyuria can lead to dehydration, even to shock. Thus, initially obstructive acute renal insufficiency can become functional.
POD is more frequent and important as much as the obstacle is complete and prolonged. Ureteral obstruction, whether uni or bilateral, leads to increased renal vascular resistance and intra-ureteral pressure.
However, diuresis is more important after bilateral than unilateral decompression of obstacle. This is explained by volemic expansion, urea and electrolyte levels which contribute to increase in diuresis and natriuresis [14].
Diagnosis
Post-obstructive diuresis is a clinical diagnosis based on urine output after decompressing an obstructed bladder or ureter. are also considered to be at high risk for POD and should be managed accordingly.
There are very few clues to help identify which patients with physiological post-obstructive diuresis will progress to the more dangerous pathological variety. There does not appear to be a strict correlation with serum creatinine, electrolyte levels, creatinine clearance or the presence of hypertension and the eventual development of post-obstructive diuresis. However, there is some association with renal failure or insufficiency, congestive heart failure, and volume overload. Patients presenting signs of dehydration, altered mental status, arrhythmias and decompressed heart failure need strict monitoring. A thorough patient's medical history, a good performed physical examination, and appropriate interpretation of laboratory data are mandatory to identify patients with or at risk for POD.
The incidence of POD is unclear but estimates suggest 0.5% to 52% of patients will experience POD after relief of obstruction [17] . It is important to have a high index of suspicion for this condition so that it can be recognized promptly and managed.
Early diagnosis is necessary because the osmotic polyuria that appears is sometimes important with a volume greater than one liter per hour. It is essential to compensate for urinary losses. A urine sample should be collected for analysis of urinary sodium and potassium levels and urine osmolality to determine if it is a solute or urea-type of diuresis. Urea diuresis is generally self-limiting, whereas solute diuresis can convert to pathologic POD and requires careful monitoring of serum electrolyte levels and hydration status. Spot urine sodium levels greater than 40 mEq/L suggests renal tubular injury and if prolonged can lead to pathologic POD [16] .
Treatment
Treatment of POD should be directed toward complete relief of urinary tract obstruction, replacement of electrolytes, correction of intravascular volume, and appropriate patient monitoring.
The polyuric phase lasts about 48 hours, during which strict monitoring is necessary [18] . The purpose of surveillance is to timely detect POD which manifests by intense polyuria. Hourly diuresis must be monitored.
Polyuria may have hemodynamic consequences in the absence of compensation. Hemodynamic state must be monitored: a regular measure of blood pressure and heart rate is essential [6] [7].
Post-obstructive diuresis treatment principles.
According to Glabeke, there are two different situations [6] .
1) Patient with altered consciousness:
• Important saline parenteral perfusion is prescribed, for example 3 liters per 24 hours.
• Diuresis will only be compensated if there signs of dehydration and hypovolemia.
• In situations requiring compensation, polyuria can be maintained by the compensation itself.
Decrease in blood urea and urinary density below 1007 are two indicators that allow the decrease then interruption of compensation.
2) Conscious patient and able to drink:
• Important saline parenteral perfusion of about 3 liters per 24 hours and oral fluid intake.
• Patients adjust their fluid balance and natremia on their own, by drinking to their thirst.
• Intravenous supply is interrupted when urea has sufficiently decreased.
According to Herody, there are three different situations [18] .
1) Normovolemic patient:
• Regularly quantify, for example every three hours, volume and urinary electrolytes and compensates at 100% during the first 24 hours.
• Urine output compensation will be reduced to 75% on the second day then to 50% on the third day, and so forth until compensation interruption in a few days. or even 30% on the first day) because the initial output is already positive.
• Polyuria that follows POD allows to decrease sodium overload.
3) Patient in dehydration:
• Increase compensation (125% or 150% on first day) because the initial output is negative.
• Polyuria, if not compensated to more than 100%, will aggravate dehydration.
Management of POD has two major risks.
• Hydroelectrolytic compensation insufficiency with risk of extra or intracellular dehydration.
• Excess of hydroelectrolytic compensation with risk of maintaining polyuria.
Hydroelectrolytic compensation insufficiency could be the consequence of:
• Insufficient or irregular supervision with underestimation of output.
• The presence of another cause of dehydration: vomiting, hemorrhage.
• Inadequate intake with overvaluation of oral intake.
Excess hydroelectrolytic compensation could be due to:
• Lack of supervision with overvaluation of output.
• Underestimation of oral intake.
Prognosis
The recovery of renal function after relief of obstruction depends on the duration and degree of obstruction, whether the obstruction is unilateral or bilateral and or whether there is a concomitant infection. Relief of urinary tract obstruction may result in massive diuresis, which needs a meticulous management with appropriate fluids and electrolytes.
In replacing the fluid output in polyuria, care should be taken that the replacement volume does not exceed two-thirds of the daily urinary output, to avoid iatrogenic extracellular volume expansion.
Pathological POD puts the patient at risk for hypovolemia and hemodynamic instability as well as acid-base disturbances and electrolyte imbalances.
Complications that may arise: volume depletion, hyponatremia/hypernatremia, hypokalemia, hypomagnesemia, metabolic acidosis, hypovolemic shock and death.
Conclusions
Most patients who undergo relief of complete urinary tract obstruction will retain or quickly recover normal renal function and accordingly avoid POD. Patients at high risk for POD should be identified and appropriately monitored.
Diuresis should be monitored. Serial urine and serum parameters should be used to guide appropriate intravenous fluid replacement with the endpoint of maintaining intravascular volume and restoring baseline renal function. Early diagnosis and treatment of pathologic POD will prevent mortality.
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